Abstract. We studied the incidence and duration of cumulative bisphosphonate use among older Finnish women and men with or without Alzheimer's disease (AD). The MEDALZ-2005 cohort is a nationwide sample of all persons with clinically diagnosed AD on 31 December 2005 and their age-, gender-, and region of residence-matched control persons without AD. Information on bisphosphonate use by persons with an AD diagnosis and their controls without AD during [2002][2003][2004][2005][2006][2007][2008][2009] was obtained from the prescription register database containing reimbursed medications. A total of 6,041 (11.8%) persons used bisphosphonates during the 8-year follow-up. Bisphosphonates were more commonly used among persons without AD (n = 3121, 12.3%) than among persons with AD (n = 2,920, 11.2%) (p = 0.001). The median duration of bisphosphonate use was 743 days (IQR). Among persons with AD, the median duration of use was 777 days (IQR) and among persons without AD, 701 days (IQR) (p = 0.011). People without AD more often used bisphosphonate combination preparations including vitamin D than did people with AD (p < 0.0001). Bisphosphonate use was more common among people without AD who had comorbidities, asthma/COPD, or rheumatoid arthritis compared with users with AD. Short-term users were more likely to be male, at least 80 years old, and not having AD. Although the incidence of bisphosphonate use was slightly higher among persons without AD, the cumulative duration of bisphosphonate use was longer in persons with AD. Short-term use was associated with male gender, older age, and not having AD.
INTRODUCTION
Bisphosphonates are considered one of the first-line medications for preventing osteoporotic fractures. Bisphosphonates have been considered both effective and cost-effective in preventing vertebral, peripheral, and hip fractures also in older populations [1] [2] [3] . Bisphosphonates are considered relatively safe [4] . However, oral bisphosphonates may cause gastrointestinal problems, esophagitis, and, in rare cases, atypical fractures of the femur. Thus, it is recommended that prescribers regularly review the need for treatment, especially after five or more years of use.
The risk of osteoporotic fracture is markedly higher among older people suffering from cognitive impairment and dementia, including Alzheimer's disease (AD). People with AD have a 2-3-fold risk of hip fracture compared with AD-free people [5] . Dementia and fracture risk are both increased through decreased mobility and impaired balance, smoking, alcohol use, and vitamin D deficiency [6] . Additionally, dementia is associated with an increased risk of falls and low bone mineral density (BMD) and hence, a greater risk of fracture. A lack of early recognition of osteoporosis risk through BMD tests and underutilization of osteoporosis medication have been associated with both older age and dementia [7] [8] [9] .
As far as we know, no previous studies have investigated the incidence of bisphosphonate use among community-dwelling women and men with diagnosed AD. The objective of our study was to examine the incidence and duration of cumulative bisphosphonate use among Finnish community-dwellers with or without AD.
MATERIALS AND METHODS
The MEDALZ-2005 (Medication use and Alzheimer's disease) cohort encompasses all Finnish community-dwelling persons with a verified AD diagnosis and alive on December 31, 2005 [10] . Persons with AD were identified from the Special Reimbursement Register maintained by the Social Insurance Institution (SII) in Finland, and one control matched by age, gender, and region of residence and without AD was identified for each person with diagnosis of AD. The cohort consists of 56,186 persons, of which 28,093 have AD. The cohort was followed up until the end of 2009. The diagnosis of AD was based on the NINCDS-ADRDA and DSM-IV criteria for AD [11] . The MEDALZ-2005 cohort includes persons with all stages of AD. The details of the MEDALZ-2005 cohort and registers are described by Tolppanen et al. [10] . No ethics committee approval was required as de-identified data were used.
Information on bisphosphonate use among persons with an AD diagnosis and their controls without AD in 2002-2009 was obtained from the prescription register. The Finnish prescription register includes information on all reimbursed prescription drug purchases classified according to the Anatomical Therapeutic Chemical classification system (ATC) and defined as daily dose (DDD), which is the assumed average maintenance dose per day for a drug used for its main indication in adults [12] . Short-term bisphosphonate users were defined as persons who had used bisphosphonates for less than 365 days but had an opportunity to use them for at least one year in terms of the follow-up time after starting drug use. Long-term use was defined as cumulative use for more than one year. One person may have had multiple bisphosphonate periods with either the same or different bisphosphonate substances. These were summed together for the calculation of cumulative duration of bisphosphonate use. In Finland, a maximum of 3 months of treatment per purchase may be dispensed at one time.
A mathematical modeling method was used to define the cumulative duration of bisphosphonate use [13] . Drug use periods (when continuous drug use started and ended) were defined from individual purchase histories using the purchased amount in DDDs, which is recorded for each purchase and for each drug (ATC code) in the prescription register. This method is based on calculation of temporal sliding averages from three subsequent purchases. Purchases were included in the same drug use period if the purchased amount of drug was enough to last to the next purchase when stockpiling, personal purchase regularity, and hospitalizations were taken into account. Use of each ATC code was modeled separately. When studying the cumulative duration of bisphosphonate use, overlapping periods of using bisphosphonate drug substances were combined for each person to retrieve "use of any bisphosphonate". Thus, during any period of bisphosphonate use persons were allowed to switch between drug substances and drug combinations if there were no breaks in the availability of the drug.
Charlson's comorbidity index [14] was calculated for each person at the start of the follow-up on January 1, 2006, based on the diagnoses recorded in the Special Reimbursement Register. The index included heart failure, coronary artery disease, diabetes type I or type II, chronic asthma or chronic obstructive pulmonary disease (COPD), disseminated connective tissue diseases, rheumatoid arthritis and other comparable conditions (score of 1); uremia requiring dialysis, severe anemia in connection with chronic renal failure, leukemia and other malignant diseases of blood and bone marrow including malignant diseases of the lymphatic system, and cancer including breast and prostate cancers, female genital tract cancer and malignant neoplasms (score of 2). The Charlson's indexes were classified as: 0, 1, and 2 or more.
Statistical analyses were performed with SAS Software 9.3 and SPSS 21.0. Descriptive statistical analyses were done for continuous variables using means, medians, and standard deviations (SD). A T-test was used to measure differences between means and a Kruskal-Wallis test was used to test differences between medians. Chi-squared tests for categorical variables were used to compare the characteristics of bisphosphonate users with and without AD. Univariate and multivariate logistic regression analyses (forward entry selection) was utilized to evaluate factors associated with short-term bisphosphonate use in comparison with long-term use.
RESULTS
The MEDALZ-2005 cohort included a total of 6041 (11.8%) persons that had used bisphosphonates during the 8-year follow-up. Bisphosphonates were used by 15.8% (n = 5519) of the women and 3.2% (n = 522) of the men. The mean age of the bisphosphonate users was 80.8 years (54-99, SD 5.815). Mean age of male bisphosphonate users was 79.7 (SD 6.192) and mean age of female bisphosphonates users was 80.9 (SD 5.768) (p < 0.0001). Bisphosphonates were more commonly used among persons without AD (n = 3121, 12.3%) than among persons with AD (n = 2920, 11.2%) (p = 0.001). There were no significant gender differences in terms of AD diagnosis and bisphosphonate use. Of people with AD using bisphosphonates, 37% (n = 1085) have started treatment before the diagnosis of AD. The prevalence of asthma/COPD and rheumatoid arthritis was higher among bisphosphonate users than among non-users.
The median duration of bisphosphonate use was 743 days (IQR). Among people with AD, the median duration of use was 777 days (IQR) and among people without AD, 701 days (IQR) (p = 0.011). Characteristics of the bisphosphonate users with and without AD are presented in Table 1 . Persons without AD more often used bisphosphonate combination preparations, including vitamin D, than did persons with AD (p < 0.0001). Bisphosphonate use was more common among persons without AD who had comorbidities (Charlson's index 2 or more) and among those with asthma/COPD or rheumatoid arthritis compared with users with AD.
Of the bisphosphonate users, 32.5% (n = 1966) had used bisphosphonates for less than one year. Of these persons, 89% (n = 1746) were short-term users. In the multivariate model, factors associated with shortterm use were male gender, at least 80 years of age, and no AD diagnosis (Table 2 ). In the multivariate logistic regression analysis, cumulative use of five years or more, compared with those with shorter use, was associated with female gender (OR 9.66; 95% CI, 6.93-13.45), rheumatoid arthritis (OR 2.98, CI 2.23-3.90), and having asthma/COPD (OR 1.85; 95% CI, 1.45-2.36).
DISCUSSION
This is the first nationwide study focusing on the incidence and duration of cumulative bisphosphonate use among women and men with diagnosed AD. We found a slightly higher incidence of bisphosphonate use among persons without AD. Although there are no previous studies of incident use that focus on bisphosphonate use, the prevalence of any osteoporosis drug use has been negatively associated with cognitive decline among community-dwellers [9, 15] . Previous studies have suggested that demen- p-value: Persons with AD using bisphosphonates compared with persons without AD using bisphosphonates; chi-square. tia dominates other comorbidities and thus may lead to underdiagnosis [9, 16] . Polypharmacy, concerns about potential or actual adverse effects, and limited life expectancy may also limit prescribing to persons with dementia. The median cumulative duration of bisphosphonate use was longer in people with AD. People without AD discontinued bisphosphonate use more often within one year and more often used preparations including bisphosphonates in combination with vitamin D than did people with AD, possibly because of better ability to communicate their needs and subjective adverse effects. Adherence problems and poor persistence of use are associated with bisphosphonate use [17] . One explanation for poor adherence and persistence may be the asymptotic nature of osteoporosis; bisphosphonate treatment aims to protect from future fractures, but has no immediate impact on symptoms or well-being. This problem has been observed among other asymptomatic chronic conditions such as hypertension or hypercholesterolemia [18] . In addition to direct experiences of adverse effects as well as costs, comorbidities, and the patient's beliefs appear to have an impact on whether osteoporosis drug use is continued. In the present study, persons with asthma/COPD or rheumatoid arthritis more often were bisphosphonate users and long-term users, presumably due to glucocorticoid use.
In the present study, the incidence of bisphosphonate use among men was rare (3%), and short-term use was associated with male gender. Osteoporosis is associated in female gender and, thus, a majority of previous studies have mostly focused on female populations [8, 19] . It has been suggested that male osteoporosis has been both unrecognized and undertreated, although mortality associated with fractures is even higher among men than women.
The major strength of our study is the nationwide sample of both older women and men who use bisphosphonates, with a long follow-up. Drug use was based on prescription register data, which have previously been reported to be reliable [20] . The present study describes the mathematically modeled duration of bisphosphonate treatment instead of a single-point cross-sectional design [13] . Further, we compared bisphosphonate use among persons with AD with their age-, gender-, and region of residence-matched comparison persons without AD. Persons with AD in our study had a clinically verified diagnosis of AD.
In the present study, we did not know the indication for bisphosphonate use, e.g., whether it was used for primary or secondary prevention of osteoporosis. Another limitation was the fact that we did not capture confounders such as lifestyle factors (height, weight, smoking, and alcohol consumption), BMD and socioeconomic factors, or use of calcium/vitamin D supplements (available also over the counter in Finland). The severity of AD was not available in our register-based data. Unfortunately, we were not able to identify other dementia etiologies or mild cognitive impairment. Thus, some of the controls might have dementia due other causes than AD. However, AD covers at least 80% of the dementia cases [21] .
In conclusion, although the incidence of bisphosphonate use was slightly higher among people without AD, the cumulative duration of bisphosphonate use was longer in people with AD. Short-term use was associated with male gender, older age, and not having AD. More research on bisphosphonate use in relation to fracture history among people with or without AD is needed to identify possible differences in treatment practices.
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